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I. INTRODUCTION

A. OBJECTIVE

This investigation was for the purpose of determining the gain and

directivity of the ASr3018/WSC-1(V) shipboard SATCOM antenna both in and

out of the nominal operating frequency band. The antenna was desipied

for the 240-312 MHz range. Tests were run from 200-900 MHz.

The results of the measurements provide:

1. A check on some of the manufacturer's specifications

2. An indication of the antenna's role in the shipboard UHF SATCOM

system's susceptibility to RFI.

In addition to tests on the AS-3018, a commercial conical log spiral EMI

antenna (ENCO Model 3103) was evaluated. This wo~ck was undertaken as a

preliminary task under the Shipboard RFI in UHF SATCOM project to provide

needed antenna calibration information.

B. DESCRIPTION OF MEASUREMENT FACILITIES

The AS-3018 was mounted on a Scientific-Atlanta elevation-over-azimuth

positioner, as shown in Figure 1, which is part of the rooftop antenna

range on Spanagel Hall at the Naval Postgraduate School. As is typical,

this test antenna was used as a receiving antenna with the transmitting

radiator being selected from (1) a broadband dipole (AT-150/SRC), (2) tuned

standard dipoles or (3) a circularly polarized conical log-spiral, the

choice being dependent on the tests conducted.I The range is equipped w-ith a collection of signal generators, which

b serve as transmitters, a field intensity meter for receiving and a polar

pattern plotter for recording radiation patterns.

Eli



1 0

0

z l

-

C-

inIS

fr-Of

NAM

I ~-22

-~ -~am



7

C. ANTENNA RANGE LIMITATIONS

The ideal range for gain and pattern measurements is labelled a

"Free Space Range" because it closely approximates free space conditions,

i.e., the antenna under test will be receiving a single, perfect plane

wave (uniform amplitude, plane phase front). On real-world antenna

ranges, practical limitations produce two major conditions which limit the

accuracy of gain and pattern measurements [1]:

1. Phase front curvature of the incoming wave of greater than X/16

( 2 ° ) can result in pattern measurement errors of null depth and

minor lobe levels.

2. Reflections from surroundings can produce standing waves which

result in non-uniform amplitude and phase of the transmitted wave

E as measured at the test antenna. This condition can cause large

gain and pattern errors, depending on the severity of the reflections,

which will vary greatly with frequency.

The first limitation can be prevented by making the range distance, R,

such that

R > 2d /X (or 3X, whichever is greater)

See Figure 2 for identification of terms. The low frequency limit of 200 MHz

2
corresponds to X of 1.5 M; with R of 29 M and d of 1 M; the 2 d 2/ criterion

is met for the worst case.

The second limitation is difficult to completely overcome. Some of the

conditions which, in part, eliminate reflection effects are:

-•-~--
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a. The angles of incidence, 9i, and reflection, 0r, should be as

small as practicable to assure a "grazing" condition for the reflected

wave. This will make the range performance insensitive to variations

in transmit and receive antenna heights. For fixed heights, variations,

being wavelength dependent, will occur with frequency. Either wide

variations of height (in our case, height is fixed) or frequency will

nenate the grazing condition. The 200 t 900 MHz range thus eliminates

this condition as a useful one.

b. Transmitting antenna directivity ca:, be usc-i to reduce illumination

of reflecting surfaces of the range or

c. Elevate the test and source antennas when both must be broad-beam

radiators to achieve the same condition.

Neither c&iice b nor c can be applied in this situation. Increasing

antenna directivity to a point where reflections are reduced to a tolerable

level would require a transmitting aperture of from 10 M at 200 MHz to 3 M

at 900 MHz, clearly unmanageable. The height to which the source and test

antennas must be raised in order to reduce reflections to a level where

gain errors are less than ±1 dB is approximated

h > 2.84R or 82 M, likewise impractical

The conclusion is that the reflected wave on the antenna test range cannot

be eliminated by combinations of directive transmit antennas and increased

range dimensions and that some addition and cancellation of the direct

wave will occur as a function of frequency with attendant gain and pattern

variations. This is not unlike a real shipboard environment with the result
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that the measurements made give some indication of the performance to be

expected at a somewhat "cluttered" site.

D. EVALUATION OF RANGE REFLECTIONS

To evaluate the severity of reflections, which will be most apparent

at low frequencies, a test was conducted. The AT-150/SRC broadband "fat"

dipole (200-400 MIz) was used as the source radiator at 300 MHz. The

SATCOM antenna was used as the receive antenna and the received signal

strength, a combination of both direct and reflected waves, was plotted

as the dipole was elevated from 1 to 6 M, and is shown in Figure 3 as the

solid curve. Note that a somewhat cyclic variation of 9-10 dB peak-to-peak

occurs. From Reference 1 it can be determined that such a variation is

caused by a reflected wave which is only 2 to 9 dB below the direct wave

and that this can produce a gain and pattern error as high as ±5 dB. As was

stated earlier, if the range were operated with fixed antenna heights but

variable frequency, similar ref- in-caused field variations would be

experienced.

E. REDUCTION OF RANGE REFLECTIONS

If the undesirable reflections could be reduced to an acceptable level

by some type of "shield" or screen, the pattern and gains measured would be

more useful. Diffraction fences on the range surface can redirect a part

of the reflected energy away from the test antenna. Since such fences must

necessarily also intercept a small portion of the incident wavefront, they

simultaneously produce small variations in the transmitted signal in the

form of diffraction effects from their edges. Thus, such a fence will be

a compromise between the desired suppression of reflections and the lesser

undesired residual diffraction. Several such fences, up to a total of three,Z

J-0

NQ~-~-
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can be effective over a range of frequencies typically encountered. Each

fence must be experimentally tilted and skewed to suppress multiple bounce

effects. Figure 4 shows the placement found optimum for the roof range

at the Naval Postgraduate School.

After installation of the aluminum screen fences, a repeat run of

the field strength received by the SATCOM antenna vs. transmit antenna

height was plotted in Figure 3 as the dotted curve. The reduction of

variation to about 2-3 dB peak-to-peak reveals a reflected wave level of

-15 dB with respect to the incident wave at 300 MHz. This could produce

gain and pattern variations of up to 1.5 dB, a tolerable value. Spot

checks at 280 MHz revealed the same results. At higher frequencies

reflection degradation is not expected to be as severe, this being verified

by a 400 MHz measurement yielding less peak-to-peak field variation.

II. MEASUREMENTS AND RESULTS

A. PEAK GAIN VS. FREQUENCY

The value of the peak gain is found at the maximum point of the major

lobe at 0* elevation angle. Gain is referred to an idealized, isotropic

radiator. Since the isotrope is fictional, an existing antenna whose gain

over the isotrope is know.i, must be used as a "standard" antenna against

which to compare the test antenna.

A conical log spiral (EMCO Model 3103) was purchased and believed to

be such an antenna. Upon close inspection of the manufacturer's calibration

data, it was discovered that the "gain" figures were obtained at a distance

of one meter (a commonly accepted distance for EMI measurcments). This

suggested that the data was for a "near field" condition below 900 MHz,
TE

4,
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rendering it of questionable worth for this experiment where "far field"

conditions are assumed. Since this spiral antenna was also to be used in

shipboard RFI tests, it would be measured along with the AS-3018 using a

"standard" tuneable dipole as a reference antenna.

Two dipoles, the Stoddard Model 91870-2 for 88 to 400 MHz and the

91598-2 for 370 to 1000 MHz, part of the NM 30A Field Intensity Meter

test set, were used as gain standards having -2 dB gain with respect to

an isotropic radiator. The procedure for gain measurements was as fol .is:

The AT-150/SRC dipole was used for transmitting in the 200-400 MHz

range. Since both antennas under test were nominally circularly polarized,

and a linearly polarized transmit antenna was used, the method of

establishing maximum and minimum response of the test antenna to an

arbitrarily-oriented linearly polarized wave had to be used for a measure

of circular polarization response. Thus, the transmitting antenna had to

be rotated (in a vertical plane) until a maximum received reading was noted

from the antenna under test. The transmit antenna was secured at this

position. Next a tuneable dipole was mounted on a non-conducting tripod

and raised to the same relative position as the test antenna, and rotated

for a maximum reading which was recorded. The reading from the tuneable

standard dipole was corrected to an isotropic value and the difference

between this reading and that of the test antenna was determined as the

"linearly polarized peak gain" of the test antenna with respect to an

isotropic radiator. For the range of 400-900 MHz, two 91598-2 tuneable

dipoles were used for both transmit and the receive standard and the above

procedures duplicated. A

To determine circularly polarized gain, the procedure was repeated

-_ °0
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except that minimum readings were noted on the test antennas. The tuneable

dipoles were also used in the same way to get a reading at minimum position

of the transmitting dipole. The difference between the maximum and minimum

readings on the test antennas at a specific frequency yields a representation

of the axial ratio (to be discussed later).

The difference between maxima on a test antenna and the standard

(adjusted to isotropic) gives a linear polarization gain at that position

of the transmit antenna. jimilarly, the minimum reading differences give

another linear polarization gain (its orientation was approximately 900

from the maximum position). Circular polarization (CP) gain is found

from .1

221/2
Gaincp (MAX Gain 2 + MIN Gain2

where the gain values are voltage ratios read from the pattern range

receiver's meter.

kTable 1 gives the results for the SATCOM antenna and Table 2 shows

gain for the conical log spiral. Graphs for comparison to the manufacturer's

data are given in Figures 5 and 6. The agreement with the SATCOM antenna

k manufacturer's data was good. For the conical log-spiral, the offset in

the curve is attributed to the published data not being for a far-field

condition.

B. AZINT PATTERNS VS. FREQUENCY

Polar field patterns were obtained in the azimuth plane at elevation

angles of 0, 10%, 500 and 90* . The circularly polarized illumination of

the test antennas was provided by the conical log spiral antenna.

II
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Table 3 lists the 3 dB beamwidth and side-lobe level (main beam-to-largest

lobe off main beam) at 0* elevation for the band of interest (200-900 MHz.)

The patcerns are shown in Figures 7 through 34. The 0 dB circle of each

pattern plot represents some particular gain value with respect to an

isotropic antenna, and is shown below each plot.

C. ELEVATION PATTERNS VS. FREQUENCY

The SATCOM antenna was oriented on the main beam in the azimuth

plane and rocked back in elevation to obtain the patterns of Figures 35

through 37.

D. AXIAL RATIO VS. FREQUENCY

The axial ratio is defined as IEa1/1f inl from Figure 38.
max m

mlmaxI -

Figure 38.

The E's represent the electric field strength. As previously mentioned,

gain measurements also produce data to determine axial ratio. Tables I N

and 2 list max and min values whose ratios are quite different from 1.0

(corresponding to perfect circular polarization). Part of the reason

for this is because of the reflected wave's effect on ellipticity or the

deviation from pure circular polarization. For true CP, ellipticity is

0 dB. Figure 39 is from Reference 2 and illustrates that for the value

of reflected/direct ray experienced (-15 dB) the ellipticity observed

for true CP will degrade to 3 dB. Thus the "spread" of axial ratio as

measured is ±3 dB. Figure 40 shows this for the SATCOM antenna and

Figure 41 for the conical log spiral.

- -~ ~-t-~- - -=-*---- ~ - ~ - - =9N



19

FREQUENCY (MHz) 3 dB BEAI4WIDTH ()HIGHEST SIDE-LOBE (dB)

205 48 -9.5

225 40 -12.3

240 42 -7.3

260 54 -7.8

280 46 -9.3

300 46 -7.8

320 32 -2.8

360 26 +2.4

400 34 -2.2

500 26 -6.3

600 19 +1.0

700 15 -4.8

800 13 -8.2

900 12 -8.2

TABLE 3. 3 dB BEAMWIDTH AND SIDE LOBE LEVELS AT 00 ELEVATION

FOR THE SATCOM ANTENNA.

Ii 713
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E. VOLTAGE STANDING WAVE RATIO (VSWR) VS. FREQUENCY

The , can be represented as

1 - KI =-K

where K is the voltage reflection coefficient. An HP 8410A network analyzer

was used to measure K. Cable losses were accounted for, with the SATCOM

antenna producing VSWR as in Table 4. The conical log spiral data as

measured and presented by the manufacturer is shown in Table 5.

III. CONCLUSIONS

A. PERFORMANCE BELOW NOMINAL BAND

The results of Part II clearly indicate that the AS-3018/WSCI-(v)

SATCOM antenna is band limited to 240-320 MHz. Below 240 MHz, the gain

is nearly isotropic at 200 MHz and increases to ll dB at 240 MHz. The

pattern shape remains good at 00 elevation with beamwidth > 400 and

SLL < -7 dB. At higher elevation angles, side lobes increase and gain

decreases as the main beam degenerates and Dreaks-up."

B. PERFORMANCE IN NOMINAL BAND

The antenna performs as claimed by the manufacturer and in some S

instances is better. Pattern degradation still occurs at high elevation

angles, but this is not to be taken as a deficiency in the antenna. Its

intended elevation angle is 00 and no performance is specified at other A

angles.

C. PERFORMANCE ABOVE NOMINAL BAND

From 320 MHz up, the gain gradually decreases,

- A-
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FREQUENCY 0O ELEVATION 90° ELEVATION

MANUFACTURER'S

(MHz) K VSWR VSWR SPECIFICATION K VSWR
(W'B) (fB)

200 13 1.6 16 1.4

220 19 1.3 .9 1.3

240 17 1.3 1.5 17 1.3

260 35 1.0 1.5 30 1.0

280 19 1.3 1.5 20 1.2

300 21 1.2 1.2 18 1.3

320 20 1.2 16 1.4

340 20 1.2 14 1.5

360 17 1.3 12 1.7

380 12 1.7 7 2.6

400 8 2.3 2 8.7

500 8 2.3 3 5.8

600 2 8.7 3 5.8

700 3 5.8 3 5.8

800 12 1.7 16 1.4

900 12 1.7 11 1.8

T

TAL .VW s RQECYFRTESTO NEN
j

TABL 4.VWv.FEQEC FRTE AC- NEN
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MANUFACTURER'S

FREQUENCY K VSWR VSWR SPECIFICATIONS

(MHz) (dB)

200 10 1.9 3.2

300 10 1.9 3

400 13 1.6 2.8

500 8 2.3 2.6

600 10 1.9 2.3

700 11 1.8 2.7

800 9 2.1 2.0

900 8 2.3 1.5

TABLE 5. VSWR VS. FREQUENCY FOR THE CONICAL LOG SPIRAL ANTENNA

10
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the main beamwidth narrows and side lobes increase until above 400 MHz

the beamwidth is reduced by approximately one third of nominal values

and side lobe levels fluctuate greatly. At several frequencies, side

lobes are the prevalent beams. The VSWR also increases to an average of

> 3:1 from an average of 1.5:1 in the nominal band. If the radiating

Ielements are assumed to be some type of broadband crossed dipoles,
operation outside of the design band could readily result in such

performance as is observed from the AS-3018.

D. SUMMARY

The AS-3018 has a useful bandwidth of 200 to 320 MHz with the

reservations of low gain and high side lobes below 240 MHz. Use above

the 320 MHz limit might be made but the results achieved will depend

greatly on the environment present and the acceptable level of performance.

A shipboard environment will in almost all instances yield poorer results

than were attained here simply because of the more cluttered environment

of a ship. For example, the axial ratio data may not appear useful at

first glance due to the ±3 dB possible error. On a "cleaner" range,

results closer to the theoretical prediction might be obtained. However,

considering the site of these measurements and noting that a shipboard

site would certainly be even less ideal, the data becomes more realistic

and may be presented as a reasonable indication of the actual operational

characteristics of the antenna.

The conical log spiral has a wider bandwidth but lower gain. From

200 to 400 MHz the spiral was worse than an isotrope. Nevertheless, it

did meet all of the manufacturer's specifications including gain. Its

only limitation for shipboard RFI measurement usage is physical mounting

ruggedness. This was easily remedied by fabricating a robust mounting

structure.

--- -
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